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QUESTION 1 [5 MARKS]
Consider the differential equation (DE)
y′ =
x
y
.
a) Draw direction fields for the DE where x = 0, y = 0, x = y and x = −y.
b) Solve the DE and indicate the constant by c.
c) Sketch a solution for c < 0, c = 0, and c > 0.
QUESTION 2 [10 MARKS]
Use the method of undetermined coefficients to determine a particular solution of
y′′ − 2y′ + y = 5cos (2x) + 10sin (2x) .
QUESTION 3 [10 MARKS]
Use the unit step function to determine the Laplace transform of f (t), for t ≥ 0 and
where
f (t) =

e2−t whenever t ∈ [0, 2) ,
t2 whenever t ∈ [2, pi) ,
et · cos (2t− pi) whenever t ≥ pi.
QUESTION 4 [15 MARKS]
Use the Laplace transform to solve the initial value problem
y′′ − 5y′ + 6y = 20et sin t, y(0) = 2, y′(0) = 0.
Verify that your answer satisfies the initial conditions.
QUESTION 5 [5 MARKS]
Suppose a 5 kg weight stretches a spring (the spring has a stiffness constant of
5 N · m−1), a dashpot provides a damping constant of 3 N · m · s−1 and the sys-
tem experiences a driving force of e−t · sin (7t). Set-up only the equation of motion
for the spring system and then determine what sort of damping (critical, over- or
underdamping) is experienced.
QUESTION 6 [5 MARKS]
Find the Laplace transform of f(t) = teat for s > a.
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Information
my′′ = −mg − cy′ + k∆L− ky + F
sin kt = L−1
(
k
s2 + k2
)
cos kt = L−1
(
s
s2 + k2
)
eat = L−1
(
1
s− a
)
L(f ′) = sL(f)− f(0)
L(f ′′) = s2L(f)− f ′(0)− sf(0)
p(s)Y (s) = F (s) + a(k1 + sk0) + b(k0)
u(t) =
{
0, t < 0
1, t ≥ 0
u(t− τ) =
{
0, t < τ
1, t ≥ τ
L(u(t− τ)g(t)) = e−sτL (g(t+ τ))
Definition A function f is said to be of exponential order s0 if there are constants M
and t0 such that
|f(t)| ≤Mes0t, for all t ≥ t0.
END OF QUESTION PAPER
